We derive from a sample of US households the distribution of the risk aversion implicit in their portfolio choice. Our estimate minimizes the distance between the certainty equivalent return generated with observed portfolios and portfolios that are optimal in a mean-variance framework. Taking into account real wealth and constraints in portfolio composition, we obtain a median risk aversion coefficient of 2.7 and observe substantial heterogeneity across individuals. Our analysis informs that risk aversion reduces with wealth and education, and increases with age. Disregarding real wealth and constraints, our estimates are markedly larger and the direction of the above correlations differs. The inferred optimization bias is small, especially with over-simplified portfolios.
Introduction
Neoclassical economic models typically assume that individuals make their choices maximizing a utility function conditional on their preference parameters. Among these parameters, the risk aversion (RA) is crucial when uncertainty is a concern. In this paper we provide an estimate of the RA coefficient based on the portfolio allocation of US households, and under different assumptions on wealth and constraints on portfolio weights. The link between portfolio choice and risk aversion has been widely explored in the literature, starting with the seminal works of Cohn et al. (1975) and Friend and Blume (1975) 1 . These works base their analysis on the portfolio share held in risky assets, under various definitions of wealth and risky assets.
Our work departs from the existing literature in three directions. First, we consider a more detailed definition of portfolio, with a distinction between deposits (risk free), bonds, stocks, and real assets. Earlier studies assume that bonds and stocks face the same risk, although it is common knowledge that stock returns have been historically more volatile. We also consider real assets and related liabilities, as their size in real household portfolios is not negligible. Residential housing accounts for more than two thirds of the average portfolio of US households (Flavin and Yamashita, 2002) ; similarly, mortgage debts for the primary residence are by far the largest type of liability. Ignoring real wealth may bias our analysis, since house price risk generates hedging needs (Flavin and Yamashita, 2002; Pelizzon and Weber, 2008) and crowds out stock holdings (Cocco, 2005) .
Second, we allow for constraints on portfolio weights. These may be relevant especially for real assets. Individuals may indeed hold residential housing for consumption as well as investment purposes (Cocco, 2005) . To correct for the potential bias due to the housing consumption motive, we follow Flavin and Yamashita (2002) and take the holding of residential housing as fixed in our static model. An optimizing agent in our problem thus chooses the portfolio allocation conditional on the wealth held in residential housing. We complete our analysis of market imperfections including three further constraints. We require that liabilities cannot exceed the value of real assets. We also consider short-selling restrictions in deposits, bonds and stocks. Short-selling in financial markets is not prohibited, but discouraged by the fact that proceeds are not normally available to be invested elsewhere. This is enough to eliminate a private investor with just mildly negative beliefs (Figlewski, 1981) .
The last departure from the literature of our approach is that we allow for a potential difference between observed and mean-variance efficient portfolios. This difference may be due to investor's mistakes, or wrong model assumptions. Our estimate is derived from the comparison between observed and mean-variance efficient portfolios. For each portfolio we observe, we first derive the optimal alternative portfolio in a uniperiodal mean-variance framework with constraints. We then compute the Certainty Equivalent Return (CER) generated with observed and optimal portfolios. We finally estimate the RA coefficient as the one that minimizes the distance between the two CERs. This strategy is robust to potential deviations from mean-variance efficient behavior due to wrong model assumptions or investor's mistakes.
We estimate risk aversion for a representative agent and separately for each household in our sample, drawn from the wave 2004 of the US Survey of Consumer Finances (SCF).
We check the sensitivity of our findings to the exclusion of real wealth, constraints, and to different time series of asset returns. The standard practice of estimating the coefficient for a representative agent may omit important sources of heterogeneity that are not orthogonal to other observed household characteristics. Our dataset allows us to investigate this issue.
Since portfolio composition varies widely within our observations, we expect to observe heterogeneity in risk aversion with respect to socio-demographic characteristics.
Our results are of potential interest to economists, who have long posited models in which risk aversion plays a key role. Understanding individual attitudes toward risk is intimately related to the goal of predicting economic behavior. Our findings may also be of interest to financial advisors. The evidence of a robust difference in risk attitudes by sociodemographic characteristics can be used to design products better suited to investors' pref-
erences. An age profile for risk aversion could also have important implications, at the macro-economic level, for an ageing society. If elderly individuals are predicted to be more risk averse, a more conservative population could substantially influence macroeconomic performance and political outcomes.
The remainder of this paper is organized as follows. Section 2 surveys the literature on risk aversion measurement. Section 3 presents the framework we consider. Section 4 describes our survey data (SCF) and time series data (covering quarterly the years 1980-optimization bias, i.e. the minimum distance between the two CERs. We first consider the case of a representative agent and then the distribution in our sample. Finally, Section 6
concludes. In the appendix we replicate our exercise with different estimates of the moments of the asset returns.
Previous estimates of the coefficient of risk aversion
Empirical research has addressed in various contexts the size of risk aversion and its relationship with economic and, more recently, socio-demographic variables. The size of the RA coefficient is still an empirical issue, and its estimate varies widely with the data and the specific environment studied. Farber (1978) estimates a risk aversion of at least 2.5 from collective bargaining agreements. Estimates from aggregate consumption data in Hansen and Singleton (1983) lie between 0 and 2. Values between 1.2 and 1.8 are found in Szpiro (1986) from time series data on property/liability insurance. Pindyck (1988) obtains an estimate of risk aversion between 1.6 and 5.3 from a structural model of equity pricing. Halek and Eisenhauer (2001) estimate the coefficient of risk aversion from data on life insurance purchases, obtaining a mean of 3.7 and a median of 0.9.
The availability of good quality survey datasets allowed to study the heterogeneity of risk aversion across households. Some analyses are based on hypothetical survey questions, asking to compare different lotteries. From the answer to such questions it is possible to infer a degree of risk aversion. Barsky et al. (1997) use US Health and Retirement Study data and find substantial heterogeneity across individuals aged between 51 and 61. Similar analyses are performed in Donkers et al. (2001) and Guiso and Paiella (2004) , using Dutch and Italian data respectively. New frontiers in research on risk aversion involve the use of laboratory experiments (Schubert et al., 1999; Choi et al., 2007) , or the combination of field experiments and hypothetical survey questions (Dohmen et al., 2006) .
The heterogeneity of risk aversion in microdata on portfolio allocation has also been explored extensively. Existing studies consider the proportion of portfolios allocated to risky assets as inversely related to risk aversion. Special attention has been drawn to the link between this measure and wealth. The relationship seems to depend crucially on the definition used for wealth. Research focusing on financial wealth seems to support a negative link with risk aversion (Friedman, 1974; Cohn et al., 1975; Riley and Chow, 1992; Shaw, 1996) , at least until a large threshold, reflecting the empirical evidence of stock holdings increasing in wealth (see Guiso et al., 2001) . Friend and Blume (1975) also find evidence of a negative relationship from a precursor of the current SCF, but only when owneroccupied housing is not included in their definition of wealth. Siegel and Hoban (1982) find from US National Longitudinal Survey data patterns consistent with decreasing or constant risk aversion using narrow definitions of wealth, and patterns consistent with increasing risk aversion using broader definitions of wealth, including housing and non-marketable assets. Morin and Suarez (1983) draw similar conclusions using the Canadian Survey of Consumer Finances and including human capital in the definition of wealth. Shaw (1996) focuses on the effect of human capital, and finds from SCF data a negative correlation with risk aversion.
A more recent strand of literature investigates the link between risk aversion and some household socio-demographic characteristics, in different contexts. In general, there seems to be consensus on the relationship between risk aversion, gender and education. Men and more highly educated individuals have been found to exhibit a lower risk aversion (see in particular Riley and Chow, 1992, and Halek and Eisenhauer, 2001 ). There is instead no consensus with regards to other variables, such as race, health, marital and job status. The most important relationship is probably with age. While the majority of the empirical studies have found that risk aversion rises with age (see McInish, 1982; Morin and Suarez, 1983) , some works fail to support this view, or observe a non-linear trend. Riley and Chow (1992) , for instance, find a risk aversion declining until age 65. Barsky et al. (1997) observe higher risk aversion in the middle of the adult age.
With this paper we aim to shed further light on household risk aversion, and its link with wealth, age and other demographic variables.
The model
In the mean-variance model of Markowitz (1952) , the investor optimizes the trade-off between the mean and variance of portfolio returns. Without loss of generality, our endowment is given by one risk free asset (with return 0 r ) and a set of n risky assets with vector of expected excess returns η and covariance matrix Σ . In this framework, an opti-mizing agent with risk aversion 0 γ > chooses the portfolio
subject to inequality constraints on portfolio composition,
The objective function (1) is known as the Certainty Equivalent Return (CER) for the expected utility of a mean-variance estimator. It is common practice to call it simply CER, as it also approximates the CER of a myopic investor with quadratic utility functions.
It is well known that, in the absence of constraints, the optimal portfolio weights are given by
We believe, however, that constraints are important for investors' portfolio allocation.
Constraints on real assets are especially relevant to deal with the consumption motive that influences the holding of residential housing. To reduce the effect of the consumption motive, Pelizzon and Weber (2007) adjust household portfolios reducing real wealth holdings by an imputed present value of future rents. In our static framework we instead follow Flavin and Yamashita (2002) and Pelizzon and Weber (2008) , and assume that households choose the allocation of wealth conditional on their holding c w of residential housing.
Suppose that households have no access to real assets other than housing. Disregarding other constraints, optimal weights in the reduced portfolio allocation problem are given by (4)
where weights and moments relative to unconstrained (financial) assets are denoted by subscript u , and uc Κ is the covariance between the returns of unconstrained and constrained assets. Comparing equation (4) with (3), optimal portfolio allocation accounts for an additional hedge term that depends neither on the expected value nor on the riskiness of the return of the primary residence. In our empirical exercise we consider portfolios with or without real assets, and with or without constraints on portfolio composition. Constraints are: no short sale in deposits, bonds and stocks; no mortgage financing for more than the value of real assets (that is, bonds cannot take a position below the opposite of real assets); investment in real assets not lower than the value of residential housing.
Implicit risk aversion
For each household we observe a portfolio of weights
comparison between observed and optimal portfolios is often made in terms of CERs (see DeMiguel et al., 2008) . Define the distance between the CER of optimal and observed portfolios as:
subject to constraints (2). We derive our measure of implicit risk aversion as the value of γ that minimizes ( ) (5) is
where (e,S) consistently estimate the true asset return moments ( ) , η Σ . We estimate the implicit risk aversion parameter as: We consider two definitions of wealth. The first -financial wealth -includes the main financial assets. We aggregate portfolio holdings in three categories: deposits, bonds, and stocks. The second definition -total wealth -includes also real estate, other real properties (aggregated in the fourth category real assets), and their related liabilities. The size and the empirical distribution of household wealth changes markedly using either definition ( Figure   1 ). While we find a median value of 56,200 USD looking at total wealth, the median is only 11,060 USD using the narrower definition which refers only to financial wealth. Table 1 reports the aggregate portfolio in our dataset, computed accounting for multiple imputations and sampling weights. The SCF is exceptionally good in giving detailed information on composite assets. With regards to mutual funds, we know whether they are tax-free, bond, balanced, stock or other funds and group them accordingly. We arbitrarily assume that balanced and other funds are equally weighted in bonds and stocks. This assumption is however not crucial as the size of these assets in household's portfolio is negligible in most cases. For four assets (IRA-Keogh accounts, retirement accounts, annuities, and trust-managed accounts) we know how they are invested, and group them as deposits (if invested in "interest-earning assets"), bonds (if in "annuities or other assets"), stocks (if in "stocks", "hedge funds", or "mineral rights"). If such assets are invested in "stocks and other assets", the SCF asks the fraction invested in stocks. In this case we assign this fraction to stocks and what is left to bonds. It is worth noting, however, that these four assets are commonly tax-reduced, tax-deferred, or tax-free by statute. This bonus gives rise to an actual return that is higher than the one we assume. A similar concern arises with liabilities. In our analysis we include liabilities in the bond category, after noticing that mortgages rates and interest rates on bonds are linked to similar fundamental economic variables. 87.14 percent of the households having a mortgage report that they took it out to renegotiate an earlier loan, and 17.59 percent of the remaining ones report that they have an adjustable mortgage rate. Therefore, we interpret the mortgage rate of our observed portfolios as variable.
After dropping the households with missing information or negative wealth, the sample consists of 4,193 observations on household socio-demographic and economic characteristics. Considering total wealth, the largest share (70.63 percent) is held in real assets, mostly in residential housing (51.67 percent). The inclusion of mortgages in the analysis determines a short position in bonds. From the table we also observe that most financial wealth is held in stocks.
In a mean-variance framework households holding only deposits are characterized by infinite risk aversion. We therefore drop from our estimation sample 1,241 (560) households for which financial (financial and real) wealth is held only in deposits in at least one imputation. We exclude more observations when we restrict our attention to financial wealth, as several households hold only deposits and residential housing. Table 2 reports the composition of total wealth in our sample by portfolio type.
Time series
Our yearly financial returns (bonds and stocks) are computed from Datastream time series of US asset total return indices. The series are "Merrill Lynch US Corporate & Government Master Index", and "MSCI USA Stock Index".
It is more problematic to find a time series of real asset returns valid for our purpose.
We choose the "MIT-CRE Transaction-based Index of US Real Estate Investment" 2 . This index, measured since 1985 on a quarterly frequency, is based on transaction prices to avoid sources of index smoothing and lagging bias that are present in other indices (see Fisher et al., 2007) . The total return index we use incorporates returns from both property value and property cash flow in the apartment, industrial, office, and retail sectors.
We compute excess returns as returns net of the yield return of 3-month US T-bills (considered as risk-free). Using the largest period available for all series (from 1985 to 2004 on a quarterly frequency), real asset returns are dominated in a mean-variance sense by bonds.
This may potentially bias our estimates. To overcome this problem, one possibility is to consider a shorter period. This case is discussed in the appendix. In our benchmark case we instead extend our time series length using the method shown in Stambaugh (1997) .
We exploit the same-period correlation between financial and real asset returns to predict prior realizations of real asset returns from observations of financial asset returns dating back to 1980. Our final series cover the period 1980 -2004 (100 observations) on a quarterly frequency, and are shown in Figure 2 . The T-bill average yield return over this period is 5.7333 percent. Moments and other statistics of the remaining assets are computed according to Stambaugh (1997) and reported in Table 3 . We see that stocks are by far the category with the highest risk and expected excess return; their Sharpe ratio is however below the ones of bonds and real assets, that are worth about 43 percent each. Table 3 also shows the tangency portfolios in an unconstrained mean-variance framework. There are no short positions in the tangency portfolios. Compared with the aggregate portfolio from SCF (Table 1) , weights are much higher for bonds, and much lower for stocks and real wealth.
Findings

Aggregate risk aversion
We first present a measure of risk aversion for a representative agent in our sample. We derive the RA coefficient γ and the optimization bias ρ from a characterization of equations (6), (8) and (10) using as observed portfolio the aggregate portfolio (whose average over the five imputations is shown in Table 1 ). Table 4 shows our estimates. We accompany our measure with a 95 percent confidence interval from a block-bootstrap simulation (see Kunsch, 1989 Stambaugh (1997) to compute moments from each time series, and estimate from each imputation the implicit RA coefficient and the optimization bias.
We estimate a risk aversion parameter for a representative agent of around 4.75 from the financial portfolio, and a risk aversion of 7.63 and 2.22 from the unconstrained and constrained total portfolio respectively. Our measure of risk aversion increases when we extend the definition of portfolio to real wealth, and gets a more reasonable value when constraints are taken into account. The optimization bias of the aggregate financial portfolio is 0.89 percent per year, and 0.87 (0.5) percent for the unconstrained (constrained) total portfolio. The bias of the financial portfolio is not directly comparable with the bias of the total portfolio (constrained or not), because of the different definitions of wealth they refer to.
We may instead interpret the difference 0.87-0.50=0.37 as the annual percentage cost of facing constraints in total wealth allocation.
Household-specific risk aversion
Heterogeneity may be important in preference parameters. We investigate this issue estimating the risk aversion implicit in each household portfolio in our dataset. 
FR
γ are essentially the same: these households make negligible investments in stocks and real wealth apart from residential housing. 3 We set blocks of size 2 following the optimal rule ( )
int T as suggested in Hall et al. (1995) . To illustrate the role played by the inclusion of real assets and the constraints on residential housing investments, consider the case of a household with only risk free assets and residential housing. This household is infinitely risk averse if we look at her financial portfolio (completely risk free). Yet the same household is much less risk averse if we look at her total portfolio, since a share of wealth is held in risky assets. When we introduce the constraints on residential housing our estimate of risk aversion increases, because the household holds no risky assets other than residential housing, but it is however finite because the household does not hedge against the risk associated to the constrained part of the portfolio (see equation 4).
We now compare our estimates with respect to the type of portfolio held by the households. Table 6 reports the 25 th , 50 th and 75 th percentiles of risk aversion in the whole sample and when each constraint binds. The median risk aversion we estimate in our sample is 5.98 from the financial portfolio, 6.77 from the total portfolio, and 2.68 from the constrained total portfolio. We estimate higher risk aversion for those with holdings in deposits, few liabilities (i.e., when the constraint on bonds does not bind), and no investment in stocks. Conclusions cannot be drawn with respect to the constraint on real wealth. Among the risky components of wealth, real assets are those with the lowest variance in our data.
The overall effect also depends on the remaining portfolio composition.
cio-demographic characteristics on risk aversion (Table 7) . Our dependent variable is the logarithm of the risk aversion coefficient estimated from the unconstrained financial portfolio, and the unconstrained or constrained total portfolio. The first specification we consider includes a polynomial on wealth (either financial or total), a polynomial on age, household size, and a number of dummy variables on gender, marital status, race, education, financial advisor recommendations, self-assessed health status, and job characteristics. In all our regressions we find wealth to be significant at 1 percent in explaining the log of risk aversion.
We also obtain a significant relationship at 5 percent between risk aversion and those who work in the finance sector. The direction of this correlation is positive when our estimate is based on the unconstrained total portfolio, and negative in the other two cases. There is no consensus in the literature on how the coefficient should vary with wealth; already Siegel and Hoban (1982) and Morin and Suarez (1983) found for the risk aversion coefficient a negative correlation with financial wealth, and a positive correlation with total wealth.
Our regressions also show a significant role for age. Risk aversion from the financial portfolio is at its minimum when the head is about 57 years-old, and always increasing with age when we compute it from the total portfolio. Although each coefficient in the polynomial on age is not significantly different from zero when we use the broader definition of portfolio, we reject the null hypothesis that both coefficients are jointly equal to zero (Ftest: 28.22 and 43.86 in the unconstrained and constrained case respectively, with p-value:
0.0000). In our static model it is not clear whether these findings are indicative of real variations in risk aversion, or just reflect other variations that we do not consider, such as in the planning horizon length or in the exposure to health shocks. Depending on the measure we consider, we find a significant effect of additional variables. When we use the financial portfolio, risk aversion is found lower when the head works in the finance sector; when we use the unconstrained total portfolio, risk aversion is lower when the head works as employee. We also find education to be significant at 1 percent in all cases but the unconstrained total portfolio. According to our preferred specification, where the risk aversion coefficient is estimated from the constrained total portfolio, risk aversion is thus higher for households with less wealth, for households whose head is older or less highly educated.
We instead find differences in household size, gender, marital status, race, financial advi-sor, occupation, or business industry to be not significant when we control for wealth, age and education.
Since the holding of residential housing is driven by a consumption as well as investment motive, we study a second specification, where we include the ratio of home equity to total wealth among the regressors when the dependent variable is derived from the financial and real portfolio. The coefficient of the new covariate is always significant at the 5 percent level and negative, and the findings obtained with the first specification are still confirmed. We consider as little risk averse households who respond 1 or 2, and highly risk averse households who respond 3 or 4. If our strategy is correct, our estimated implicit risk aversion should be consistent with households' self-assessment. Our estimated 1 FR γ are indeed fully consistent with the information provided directly by the respondents: the implicit risk aversion is higher for households who self-classify themselves as highly risk averse, and this relation holds also conditional upon age class.
In the appendix we replicate our study using return time series that generate very different estimates of the moments, and find that the choice of the time series may affect the size of our risk aversion estimates, but not their relationship with household characteristics.
Optimization bias
With the implicit risk aversion we compute ( )D ρ γ = , the optimization bias defined in section 3. This measure describes the distance between observed and theoretically optimal portfolios, and is inversely related to risk aversion. To understand this relationship, consider the extreme case of households with risk free portfolios. In our framework, the difference between the CER of the actual and the optimal portfolios ( ( ) γ ∆ in equation (5)) is minimized by an infinite risk aversion coefficient and a risk free optimal portfolio. Since observed and optimal portfolios coincide, the bias is equal to 0. The same difference for households with holdings in risky assets, instead, is minimized by a finite risk aversion coefficient and an optimal portfolio that does not necessarily coincide with the observed one.
The bias is then higher. In general, the more risk averse the household, the smaller the space of asset combinations feasible for the optimal portfolio, and so the smaller the optimization bias.
Using the aggregate portfolio, the bias we estimate for a representative agent is 0.89 percent per year with the financial portfolio, and 0.87 percent with the total portfolio; it reduces to 0.5 if we consider constraints to portfolio composition (see Table 4 ). When we compute this measure for each observation in our sample, our median values are 0.37, 1.42, and 0.25 percent respectively. We however observe in Figure 4 that heterogeneity in household behavior is not negligible, at least when we focus on the unconstrained total portfolio. Estimates are larger when we include real wealth in our definition, and neglect constraints. When we consider constraints the bias reduces markedly, and our estimates are in most cases below 1 percent (this happens for 86.67 percent of the households).
In the following we focus on the bias measure based on total wealth with the constraint on residential housing. Table 9 reports the percentiles of the individual estimates by observed portfolio composition. We see that the bias is lower -0.15 percent -when the constraint on real wealth is binding (that is, real wealth includes only the primary residence) or when households do not hold stocks (0.17 percent). The median value is instead at its maximum for those households whose debt equals the value of their real assets.
The optimization bias increases when observed and optimal portfolios differ markedly. when there is a sizeable difference between observed and optimal portfolio shares, the optimization bias is typically large. The difference between the two portfolios is accrued when either the observed portfolio is poorly diversified, or the optimal portfolio includes holdings in all the asset markets. This second situation is inversely related to risk aversion.
In our framework households with more conservative portfolios are associated to a higher risk aversion parameter. When risk aversion is higher, the choice of the optimal portfolio is made excluding the riskiest alternatives. This reduction of the space of feasible portfolios leads to optimal portfolios that cannot be more efficient than those with lower risk aversion coefficients. Hence the optimization bias obtained from the comparison between observed and optimal portfolios is not higher than that of less risk averse households. This situation is more frequent when we estimate constraints in the portfolios of, for instance, less wealthy households or households whose head is less highly educated. For this reason sophistication, as measured for instance by wealth or education, has a counterintuitive effect on the optimization bias. The bias of less sophisticated agents is smaller not because such agents are investing in a portfolio with a higher performance, but because their optimal portfolio is less efficient.
Concluding remarks
In this paper we provide new evidence on the distribution of risk aversion across households. We propose an estimation strategy for the risk aversion coefficient based on the level that minimizes the difference between the certainty equivalent return of the optimal mean-variance portfolio and corresponding to the actual portfolio held by the household.
This strategy is robust to potential deviations from mean-variance efficient behavior due to wrong model assumptions, or investor's mistakes. We apply this strategy to US SCF data under several definitions of portfolio. In our preferred definition wealth includes financial and real components, and households face constraints on portfolio composition. They cannot borrow against financial assets and they must take as fixed the holding of residential housing. Additionally, they cannot take mortgages that exceed the value of their real assets. By doing so we take into account that not only investment motives, but also consumption motives are relevant in the housing tenure choice. With this constraint we therefore take the holding of residential housing as exogenous in our static model.
Our estimates of the preference parameter take plausibly small coefficients and show substantial heterogeneity across individuals. The median risk aversion coefficient equals 2.68, and 63.32 percent of the households lie below 5. Many of the correlations between risk aversion and the observable characteristics of the households are intuitive. In particular we find a lower risk aversion for wealthier households, or when the head is young, or more highly educated; the direction of the correlations is however different when we ignore constraints (risk aversion increases with wealth) or constraints and real wealth (risk aversion decreases up to age 57). In these cases our implicit risk aversion coefficients are also markedly higher, suggesting that analyses that ignore real wealth and portfolio constraints may give rise to a large bias. Although we find several strong correlations, the direction of causality is difficult to ascertain for some variables, such as unemployment, wealth, and education. These variables may not only affect an agent's risk aversion, but also be affected by it. Our estimates are however robust in indicating that gender, race, marital status, and household size do not play a significant role once we control for other variables.
In the appendix we replicate our study using different time series of asset returns, and find that the choice of the time series may affect the size of our risk aversion estimates, but not their relationship with household characteristics.
We also provide evidence on the monetary loss caused by actual portfolios, conditional on the level of risk aversion. This optimization bias is worth 0.4990 percent per year for a representative agent, and 0.2509 percent per year for a median household, with 87.11 percent of households having a bias below 1 percent. The bias is lower for households with severely constrained (and simplified) portfolios. More risk averse households are those who show a smaller bias between observed and optimal portfolios. The bias is larger when we ignore real wealth and constraints on portfolio weights.
Our approach is based on several standard assumptions. We group our assets in few categories. Doing so, we neglect the tax advantages of some instruments. For instance, we ignore that loan interests are tax deductible, and that capital gains from real estate are tax free after three years. One major drawback of our analysis is that we ignore the effect of human capital. We do not attempt to derive crude estimates of human capital, as it is likely to be affected by severe measurement errors. It is however plausible that this wealth component affects risk aversion. Shaw (1996) finds human capital to be an inverse function of risk aversion in a portfolio choice problem. In our setting, human capital would enter in the optimization problem as a constraint, in a way similar to residential housing. Since older persons have lower income potential, human capital decreases with age. The effect of this component on wealth should thus be more relevant for young investors.
There are at least two main directions for future research. The analysis of the links between risk aversion, wealth and observable characteristics deserves further efforts in order to solve the problems of reverse causality and determinants of sub-optimality discussed above. Particular care should be given to age. In our static model, the significant relationship we find with age might reflect variations in the investor's planning horizon length.
From the theoretical point of view it is interesting to evaluate the possibility to apply our approach in a multiperiod framework, closer to the life-cycle models of asset allocation.
This will allow to disentangle risk aversion from the planning horizon length.
A. Robustness check on the moments of the asset returns
We are concerned that our findings may change using different moments of the asset returns. For this reason we check the robustness of our results to a different length of the asset return time series. We draw similar conclusions if we use different asset return indices.
We choose a time series length for which no asset return is dominated in a meanvariance sense, and the first and second moments are very different from those of Table 3 .
Our new time series cover quarterly the period 1990-2004 (60 observations). With these data we do not need to correct the moments using the method shown in Stambaugh (1997) .
Time series statistics are reported in Table 11. Compared with Table 3 , real asset returns are now associated to higher expected excess returns and standard deviations than bonds.
We also estimate weaker correlations, in particular a negative correlation between bonds and stocks. This produces a tangency portfolio that is more heavily invested in bonds.
Using these moments we obtain the risk aversion parameter and optimization bias estimates shown in Tables 12 and 13 . From the aggregate portfolio we get a risk aversion coefficient equal to 9.65, ignoring real wealth, and to 13.69 (unconstrained) or 2.16 (constrained) including real assets. The confidence interval we report is larger than in the benchmark case of Table 4 because bootstrap simulations are based on a shorter time series (with 60 observations rather than 100). Unconstrained estimates are larger than in the benchmark case, while the constrained estimate is comparable with the results we show in the main text. The associated optimization bias is worth 3.08, 2.60, and 0.44 percent per year respectively. Also here, only the number we get in the constrained case is similar to the one we obtained previously.
Computing the risk aversion coefficient from each portfolio, we obtain a median of 15.49 using the narrower definition of wealth, and a median of 12.52 (2.96) using the broader definition of wealth and excluding (including) constraints (Table 13 ). The choice of the moments of the asset return may therefore change markedly the size of our estimates, but this variation is lower when we consider the constrained case. This result has to do with the fact that constraints help reduce potential errors in measurement of the efficient portfolio (Green and Hollifield, 1992) . We are however primarily interested in the correlations between risk aversion and household characteristics. Table 14 reports the output of an OLS regression analogous to Table 7 . We find the same variables to be significant in the various cases we examine; their marginal effect on the risk aversion coefficient have the same sign as with our benchmark estimates. In the constrained case we also find the dummy variable indicating a fair or poor health status to be significant at 1 percent and positively correlated with risk aversion. The link between the optimization bias and household characteristics is also similar to our previous findings, and we still observe a negative relationship with the risk aversion coefficient. 
